Reduced cavernosal arterial inflow has been hypothesized to be the likely cause of erectile dysfunction after kidney transplants in recipients revascularized through end-to-end anastomosis to the internal iliac artery, suggesting that end-to-side anastomosis at the external iliac artery is preferable. The aim of this study was to prospectively evaluate the effect of the use of the external iliac artery on erectile function, hormone profiles and penile blood flow by evaluating changes in penile colour Doppler ultrasound parameters in a consecutive series of 22 recipients before and after end-to-side external iliac artery transplantation. The mean International Index of Erectile Function-Erectile Function (IIEF-EF) domain score decreased significantly 3 months after transplant (18.0966.33 vs. 22.5067.09, P50.01). The reduction in peak systolic velocity (PSV) was significant for the cavernous artery homolateral to the side of transplant (42.60618.77 vs. 52.01619.91, P50.01). The mean postoperative end diastolic velocity (EDV) did not differ significantly from the preoperative value (P50.74). No statistical differences were found in the serum levels of testosterone or prolactin. Kidney grafts anastomosed at the external iliac artery produced significant (P50.01) reductions in arterial inflow at the homolateral cavernosal artery that remained above the normal threshold. Whether these haemodynamic changes can explain the worsening of postoperative erectile function remains to be proven.
INTRODUCTION
End-stage renal disease (ESRD) is significantly related to erectile dysfunction (ED). 1 The incidence of ED in men with chronic renal failure is estimated to be approximately 70%, 2 with a prevalence of up to 82% in haemodialysis patients. 3 The aetiology of ED in ESRD patients is often multifactorial. 4 At present, kidney transplantation (KT) has become a widely used therapy for ESRD, and the number of transplants performed is increasing, allowing the restoration of normal kidney function. But what happens to erectile function? While several studies have suggested that erectile function significantly improves after successful renal transplantation, [5] [6] [7] [8] especially when the surgery is performed at a younger age, 5 other studies have shown minimal effects of transplantation on erectile performance or even deterioration. [9] [10] [11] [12] The overall prevalence of ED after KT remains high, ranging from 48.9% 13 to 55.7%. 11 The potential causative effects of ED in transplant recipients may include anxiety, medication side effects, impaired penile vascularity and failure to resolve hormonal abnormalities or underlying disease comorbidities.
14 Reduced cavernosal arterial inflow was hypothesized as the likely cause of ED in a series in which the internal iliac artery was employed for end-to-end anastomosis. 14, 15 One study observed a significant decrease in the dynamic peak systolic velocity (PSV) and resistance index (RI) in impotent recipients revascularized through end-to-end anastomosis to the internal iliac artery compared to end-to-side anastomosis to the external iliac artery, suggesting that unilateral ligation of the internal iliac artery may play a negative role in erectile function following KT. 16 Hence, end-to-side anastomosis of the graft to the external iliac artery has been recommended, particularly in the presence of associated vascular risk factors that could compromise pelvic blood flow.
14 However, the prevalence of ED remains high, even in modern series of KT recipients onto the external iliac artery. 12 It is difficult to evaluate the real effect of the artery used for anastomosis on penile blood flow, especially considering that sometimes the blood supply is also provided by accessory arteries that arise from the external iliac, either directly or through its obturator or vesical branches. 17 To our knowledge, at the present time, there are no studies that specifically compare cavernosal haemodynamic parameters before and after KT onto the external iliac artery. The primary aim of the present study was to prospectively evaluate changes in penile colour Doppler ultrasound (CDUS) parameters in a consecutive series of renal transplant recipients before and after end-to-side external iliac artery transplantation in order to evaluate the effect of the use of the external iliac artery on erectile function and penile blood flow. The postoperative changes in hormone profiles were taken as a secondary end point.
MATERIALS AND METHODS

Patients and inclusion criteria
This was a prospective study conducted on consecutive male patients suffering from ESRD who were on haemodialysis; the patients were enrolled the day they were admitted in the hospital for a kidney transplant. The inclusion criteria included the absence of any acute or concomitant disease or infection contraindicating a kidney transplant, a history of o1 year of haemodialysis and being sexually active or interested in regaining sexual activity. Previous or concurrent treatment for ED, penile deformities or nodules and any potential neurogenic cause of ED (including previous pelvic surgery) constituted the exclusion criteria. The eligible patients were required not to start any ED treatment until the 3-month postoperative evaluation. Institutional board approval was not required for the development of this study at our centre (Maggiore della Carità Hospital, Novara, Italy).
Baseline (preoperative) investigations
From 2000 to 2003, 35 patients were screened for the study on the day their kidney transplants were scheduled. Eight declined to take part in the study. Three were excluded because they did not fulfil the inclusion criteria (two due to a lack of interest in regaining sexual activity and one because of concomitant multiple sclerosis). The 24 remaining patients agreed to enter the study and signed an informed consent agreement. The aetiology of ESRD and any related or unrelated comorbidities that emerged through a complete medical history were recorded in a database. A serum sample was stored for the determination of testosterone and prolactin levels. Erectile function was assessed on the basis of the score on the six questions from the erectile function domain of the International Index of Erectile Function-Erectile Function (IIEF-EF) and ED and categorized according to Cappelleri et al. 18 into: absent ED (EF score, 26-30), mild ED (EF score, 17-25), moderate ED (EF score, 11-16) and severe ED (EF score, f10).
All patients underwent a penile dynamic CDUS performed using an Acuson 128 X P/10 (Acuson, Mountain View, CA, USA) with a 7-to 10-MHz extended frequency linear array transducer, performed by an operator blinded to the purpose of the study. Erections were induced by an intracavernous injection of 20 mg prostaglandin E1, and serial measurements were taken every 5 min for 20 min of the PSV, end diastolic velocity (EDV) and RI. The RI was calculated as (PSV-EDV)/PSV. Generally accepted normal values were used: dynamic PSV,30 cm s 21 was indicative of arterial insufficiency and RI,0.85 and EDV.5 cm s 21 was suggestive of veno-occlusive dysfunction. 16 The PSVs of both cavernosal arteries were recorded separately. Prostaglandin E1-induced erection was categorized into four grades according to objective examination criteria: 19 grade I was defined as partial tumescence with inadequate rigidity for penetration; grade II was defined as full tumescence with moderate rigidity; grade III was defined as complete tumescence with 'suboptimal' rigidity (sufficient for penetration but inadequate for satisfactory sexual intercourse); and grade IV was defined as full rigidity lasting at least 20 min. 20 Surgery was performed according to the standard institutional technique, with the graft anastomosed end to side to the external iliac artery in all cases. The recipient side was right in 10 patients and left in 14. All patients received an immunosuppressive regimen according to the standard protocol in use.
Postoperative investigations CDUS was repeated on the day of discharge, generally the twentieth postoperative day, after catheter removal. At 3 months postoperatively, a serum sample for testosterone and prolactin was sent and the EF domain of the IIEF was administered.
End points and statistics
The primary study endpoint was the assessment of changes in the penile CDUS parameters of renal transplant recipients with anastomosis of the graft onto the external iliac artery before and after the surgery. The CDUS parameters were also compared between patients with postoperative worsening of the EF domain of the IIEF and patients with no worsening and between the cavernosal artery homolateral to the side of the kidney transplant and the artery contralateral to the side of the transplant. Changes in the serum concentrations of prolactin and testosterone before and after the transplant were taken as secondary end points.
Statistical analysis was performed using a two-tailed paired sample t-test, using SAS software, release 8.02 (SAS Institute Inc., Cary, NC, USA). P ,0.05 was considered statistically significant. In cases of comparisons of proportions, a Chi-square test was used to test the statistical significance.
RESULTS
Among the 24 consecutive patients, aged 23-68 years (mean6s.d.: 50.62612.05), one refused to undergo the preoperative CDUS and was excluded from study. Of the remaining 23 patients, one failed to complete the 3-month postoperative IIEF-EF domain questionnaire. Figure 1 shows the flow chart of the study. The patients' comorbidities, the aetiology of ESRD and the immunosuppressive regimen adopted postoperatively are shown in Table 1 . The mean duration of ESRD (time of dialysis) was 6.2562.96 (range: 2-11 years). Table 2 displays the EF domain scores of the IIEF as mean values and categorized into degrees of ED. The mean maximal in-office erection grade values after prostaglandin administration at baseline and at catheter removal are also reported in Table 2 . Overall, the rate of subjects with EF domain scores consistent with ED increased from 45% preoperatively to 91% at 3 months postoperatively (P50.003), with a significant proportion of patients developing mild ED (59.1% Figure 1 Flow chart of the study. We performed a multivariate analysis taking into account age, smoking, diabetes, CAD and hypertension in order to evaluate their impact on sexual function. None of these factors, however, were significantly associated with the outcome (P.0.05, data not shown), probably because our study was underpowered to detect such an association.
DISCUSSION
The main results of our study showed that KT onto the external iliac artery causes early worsening of erectile function, based on IIEF-EF scores, and significant reductions in penile arterial inflow, although above the normality threshold. It would seem that the type of artery chosen for KT plays hardly any role in cavernosal artery haemodynamics. ESRD patients on haemodialysis have a high prevalence of ED, an additional detriment to their already impaired quality of life. The beneficial effect of KT in restoring sexual function, advocated by some studies, 5-8 remains a highly controversial issue. According to some authors, patients show significant improvement in ED, based on IIEF scores, after KT, 5, 8 especially when they are younger and have less severe ED. Conversely, other reports have suggested that as many as 48.9% 13 to 55.7% 11 of recipients continue to suffer ED. ElBahnasawy et al. 9 found that erectile function improved in 40% of patients but deteriorated or remained unchanged in 18% and 42%, respectively, of patients 6 months post-transplantation. Notably, in a recent study of 78 KT recipients assessed with the IIEF, the ED rate increased from 87% preoperatively to 91% one year postoperatively, with a mean reduction of the EF domain from 18.48 to 17.55. 12 In line with these latter findings, the EF domain of the IIEF significantly decreased (P50.01) 3 months after KT compared to the baseline value, and the ED rate rose from 45% preoperatively to 91% postoperatively in our prospective cohort. Several causal factors have been suggested, such as anxiety, medication side effects, impaired penile vascularity and failure to resolve hormonal abnormalities or underlying disease processes.
14 Haemodynamic changes in the cavernosal arteries following KT have been hypothesized as a likely cause of ED. This effect may be particularly true when the renal graft is anastomosed end to end to the internal iliac artery, thus diverting the blood inflow from the internal pudendal artery. The risk of vasculogenic impotence following end-to-end anastomosis of the renal graft was reported to be 10% in an early study. 15 In a retrospective CDUS study, Abdel-Hamid et al. 16 observed that unilateral ligation of the internal iliac artery had a negative effect on haemodynamic parameters in impotent recipients compared to unilateral end-to-side anastomosis to the external Kidney transplant and cavernosal arteries P Gontero et al 623 iliac artery. As a result, end-to-side anastomosis of the graft to the external iliac artery was advocated in order to avoid the risk of ED in patients with compromised pelvic blood flow. 14 In a prospective study conducted on 50 patients revascularized with end-to-end anastomosis to the right internal iliac artery, the average dynamic PSVs were found significantly reduced after KT when compared with preoperative values, but they were always above the 30 cm s 21 threshold that excludes cavernosal arterial insufficiency.
14 These findings imply that haemodynamic changes occurring after unilateral exclusion of the internal iliac artery should exert negligible effects on erectile function in the presence of normal baseline PSVs, and they confirm earlier experimental data in canine models in which occlusion of one hypogastric artery did not produce significant changes to the cavernosal arterial supply. 21 Similar conclusions were drawn in a recent Chinese study on internal iliac artery KT recipients. 22 To the best of our knowledge, a comparative evaluation of haemodynamic parameters before and after KT onto the external iliac artery has not been carried out. The adverse effect on postoperative sexual function, even when the graft is anastomosed to the external iliac artery, 12 supports the need to rule out significant CDUS changes at the cavernosal arteries and constituted our primary study end point. The overall mean PSV values for both cavernosal arteries did not significantly decrease after KT in our series (P50.1). When comparisons were made for the cavernosal artery corresponding to the side of the graft, the postoperative PSV was significantly reduced compared to the preoperative value (P50.01). A reduction of the same magnitude in the PSV before and after KT was recorded at the right cavernosal artery. This observation may be explained by the fact that the majority of KTs were right-sided. In only two out of 23 patients did PSV changes translate into clinically meaningful (,30 cm s 21 ) reductions of PSVs. Similar to the study of El-Bahnasawy et al., 14 the average postoperative PSV values remained well above the normality threshold, even at the transplant site. This finding implies that while a haemodynamic effect exists, it is probably unlikely to account for the detrimental effect of KT on sexual function. In view of the rather arbitrary definition of the normal cut-off values for PSV, 23 the potential impact on erectile function exerted by reductions in the PSV within the normality threshold remains to be proved. Significant changes (P50.02) in PSVs before and after surgery were also observed in the subgroup of patients reporting a clinically meaningful (.4 points) reduction in the EF domain of the IIEF as compared to those patients who did not. Taken together, the findings on postoperative PSVs from our study and from the El-Bahnasawy's study 14 do not seem to support the conclusion of Abdel Hamid et al. 16 of a protective role of anastomosis of the graft to the external iliac artery on the blood supply to the penis. According to our results, end-to-side anastomosis to the external iliac artery cannot be viewed as providing a greater protective factor against ED than anastomosis carried out at the internal iliac artery. Interestingly, a recent prospective study that randomized 38 KT recipients to undergo internal or external iliac artery anastomosis demonstrated no differences in postoperative erectile function, assessed by IIEF, between the two groups and concluded that both technical procedures are safe. 24 Similar to the El-Bahnasawy's study, 14 the EDV, a parameter suggestive of caverno-occlusive dysfunction when exceeding the 5 cm s 21 threshold, remained unaltered after KT. Abdel Hamid 16 observed that impotent KT recipients had significantly higher EDVs than transplanted patients with normal sexual function and hypothesized a cyclosporine-based immunosuppressive regimen as one potential causative factor in view of its ability to promote fibrosis. 25 In our study, a 2-week postoperative period was probably too short to detect haemodynamic changes that may have been promoted by immunosuppressive therapy. Notably, only one of our patients received a cyclosporine-based immunotherapeutic regimen. A negative effect of the immunosuppressive regimen on the 3-month IIEF cannot be excluded in our series.
With regard to hormonal changes, no statistical differences were found in the serum levels of testosterone or prolactin. In the literature Kidney transplant and cavernosal arteries P Gontero et al 624 there is no consensus on hormonal variations after renal transplantation. Akbari et al. 26 found that hormonal levels in patients on haemodialysis improved after transplantation and returned to nearly normal, in contrast to the results of Shamsa et al., 7 who described significant decreases in mean testosterone and prolactin levels after KT.
The limitations of the current study reside in the short follow-up. The 3-month interval was deliberatively chosen to avoid the potential interference of ED treatment in our IIEF evaluation at a later followup. Serial assessments with the IIEF, hormone profiles and CDUS parameters at later intervals could provide useful information about the pathogenesis of post-KT ED. A larger sample size may have allowed more meaningful results.
In conclusion, KT at the external iliac artery is associated with early worsening of erectile function. Testosterone and prolactin levels do not seem to account for these changes. Kidney grafts anastomosed at the external iliac artery cause significant reductions in penile arterial inflow, which remains, however, well within the normal range. PSV changes resemble those previously reported with grafts anastomosed at the internal iliac artery, suggesting that the type of artery chosen for KT plays little role in cavernosal artery haemodynamics. It remains to be proved whether haemodynamic changes of PSVs within the normality threshold may affect erectile function.
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